STUDIES ON X-RAY EFFECTS : XV. THE PREVENTION OF PIGMENT FORMATION IN THE HAIR FOLLICLES OF COLORED MICE WITH HIGH VOLTAGE X-RAY. by Hance, Robert T. & Murphy, James B.
STUDIES  ON  X-RAY  EFFECTS. 
XV.  THE PREVENTION  OF PIGMENT  FORMATION  IN THE HAIR 
FOLLICLES OF COLORED MICE WITH HIGH 
VOLTAGE X-RAy. 
BY ROBERT I".  I-lANCE,  ProD.,  AND JAMES B. MURPHY, M.D. 
(From the Laboratories of The Rockefeller Institute for Medical  Research.) 
Px~  16. 
(Received for publication, June 1, 1926.) 
In the course of a  study of x-ray dosage it was noted incidentally 
that the hair of rabbits became white within an area exposed to x-ray 
produced at high voltage (1).  Since color and not the production of 
hair was affected it was considered desirable to gather more complete 
data in  the hope that it might eventually throw some light on  the 
biological action of the different wave-lengths of x-ray.  The results 
of some preliminary experiments are recorded below. 
Material.--In  order that any change in  color might  be most  easily detected 
black haired mice were chiefly used.  The hair of such animals is evenly and deeply 
pigmented. 
Methods.--The  abdomens of the  mice were  shaved.  The  animals were  then 
immobilized on their backs upon boards by binding them on with adhesive tape. 
Two holes about ~ inch in diameter and about ½  inch apart had been punched in a 
shield of rubber and lead, and the rubber cement from adhesive tape applied to a 
small area about the holes by sticking a piece  of tape of proper size over the holes 
and saturating the cloth  with xylol.  The  cloth  could then be peeled off leaving 
its adhesive adhering to the rubber and lead shield.  This perforated shield was 
now adjusted over the shaved abdomen of the mouse where it adhered because of 
the adhesive.  The edges of the shield were fastened to the board by glass thumb 
tacks.  In exposing the  shielded animals to  the  x-ray both holes were left un- 
covered for the period desired and then the anterior hole was shielded while the 
posterior opening was rayed for10 minutes longer.  Thus two exposures of differ- 
ent lengths were made on each animal.  Two mice were used for each period of 
exposure employed. 
The X-Ray Outfit.--The x-ray machine used was the one designed by Clark (2), 
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and was operated at 70 kilovolts and 8 milliamperes.  Exposures  ranged from 20 
to i00 minutes at 36 mm. target distance. 
Observations.--The  most  complete  color  change  was  obtained  in 
animals  that  had  been exposed for 50 to  100 minutes.  The  hair in 
the shaved but unexposed areas began to reappear in about 2 weeks 
while that  in  the exposed regions was not visible until  1 week later. 
When the latter did come in it was entirely white; and after the lapse 
of 1 month in all it was as long and thick as the rest of the hair  (Fig. 
1).  The hair in the areas exposed from 70 to 100 minutes grew more 
rapidly than it did in the spots receiving 50 to 60 minute doses.  At 
the end of 3 months the regions rayed for 50 to 60 minutes were rather 
sparsely covered with hair while the hair in the spots receiving longer 
exposures grew back in full vigor.  The hair in areas exposed for 20 
to 50 minutes did not suffer as complete a  color change as when the 
raying had been for longer periods.  Only a few scattered hairs in these 
areas  became  whitened,  the  great  mass  reappearing  in  the  natural 
color. 
2½ months after one of the animals had received 90 and 100 minute 
exposures  upon  the  abdomen  it  was  noted  that  a  white  spot was 
appearing on its back in a position directly opposite the spot that had 
received the 90 minute dose (Fig. 2).  Under the binocular this white 
spot,  which  was  slightly  larger  than  the  corresponding  one  on  the 
abdomen,  was seen  to be made up of a  mixture  of white and black 
hairs.  The white hairs were not banded, with the outer portion the 
original  black, as might  be expected had  the hair continued  to grow 
after  the  hair  follicle had  lost  its  power  of producing  pigment.  A 
second area on  the back  corresponding  to the spot on  the abdomen 
exposed for 100 minutes appeared at first as a  white line which after 
about  10  days  extended  to  form  a  complete  circle.  Evidently  the 
rest of the area of exposure had been shielded by the pelvic bones or 
some other internal  obstruction  to  the  rays.  Almost 2  weeks after 
these dorsal white spots appeared on mice rayed for 90 and 100 minutes 
similar areas appeared on the mice exposed for 70 and 80 minutes.  At 
the time of writing,  3 months after the beginning of the experiment, 
none of the animals rayed for shorter intervals have developed white 
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After the hair had grown again to its original length in the exposed 
areas  one  of  the  white  spots was shaved.  When  the  hair  came in 
once more it was as white as before. 
DISCUSSION. 
Comparatively  little  seems  to  be known  about  the  pigment  pro- 
duction in hair.  Pigment cells of ameboid shape are found clustered 
about  the  papillae  at  the  base  of  the  follicle and  pigment  granules 
have been described within and between the cells of the cortex of the 
hair  of human  beings.  In addition  to the "solid"  colors that  result 
from the presence of these granules,  pigments in solution are said to 
stain the cortical cells.  Hair is said to be pure white only when pig- 
ment is lacking and air is present between the cells of the medulla and 
the cortex.  In cases where air is missing the hair appears grey, never 
white (3). 
Whatever  the actual processes responsible for the presence of pig- 
ment in hair it is evident that in some way hard x-rays interfere with 
it permanently.  In addition to destroying the color-developing power 
of the hair, the structure of the cortical cells must be altered in order to 
permit the entrance of air between them, since otherwise, according to 
the authority above cited, the hair would not be pure white. 
As is evident from the symmetry of the white areas, the effect of the 
x-rays is due to the direct impingement  of them and the injury does 
not spread beyond the open areas of the shield.  Where the effect is 
seen on the back the force of the rays has been modified by the obstruc- 
tions  to  them  existing  between  the  ventral  and  dorsal  surfaces. 
Shorter  exposures  took  longer  postexperiment  intervals  to  produce 
any effects on the pigment in the dorsal hair than did the longer doses. 
It is of interest to note the great length of time, 2} months, between 
the  exposure  and  the  appearance  of white hairs  on  the back of the 
mouse.  There  was  no  dropping  out  in  mass  of  this  hair  but  the 
colored hair was gradually replaced with white.  This may mean that 
the  changes  induced  are  cumulative.  No  gradation  from  black  to 
white was encountered with the ultimate result of an abrupt cessation 
of pigment production.  As far as  could be determined  none of the 
hairs were banded, i.e. black at the tip and white at the base, but were 
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A similar loss of pigment has recently been reported by Coolidge (4) 
following exposures  to  the  cathode  rays.  In  his  cases  the hair  ap- 
peared to grow more rapidly than in the surrounding unexposed area. 
In the earlier experiments referred to above (1) it was not unusual to 
find that the hair in an exposed area grew out as a  tuft before that in 
the  surrounding  shaved  area  had  reappeared.  No  such  increased 
rate of growth was observed during  the present work.  Indeed after 
some of the  shorter  exposures  the  growth of the hair was definitely 
retarded. 
SUMMARY. 
1.  Hard x-rays prevent the formation of pigment in the hair follicles 
of mice, with result that hair previously black comes in white. 
2.  Exposure of the ventral side of a mouse to the x-rays causes the 
hair  on  the  back to come in  white about 40 to 50 days after it has 
whitened the hairs on the abdomen. 
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EXPLANATION OF PLATE 16. 
FIG. 1.  Ventral view of black haired mouse showing the two  circular patches 
of white hair which appeared after exposure of these areas to high  voltage x-rays 
for 90 and 100 minutes. 
FIG. 2.  Dorsal view of the  same mouse  showing two areas on the back corre- 
sponding to those on the lower side.  The dorsal spot is not as well marked  for 
reasons discussed in the text.  The whitened hairs  appeared about 1 month later 
than those shown in Fig. 1. 
FIG. 3.  The skin of the mouse pictured in Figs. 1 and 2 stretched to show in one 
photograph both the ventral and dorsal spots. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XLIV.  PLATE  16. 
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